The occurrence of hemin-deficient bacterial mutants became known in 1953, when Jensen and Thofern (3) were able to isolate, by using streptomycin, a hemin-requiring mutant of Staphylococcus aureus. By their ability to grow as "small colony variants" (SCV), forming dwarf colonies in the absence of hemin, these mutants differ sharply from genuine conditioned lethal auxotrophic mutants, and resemble "leaky" mutants.
[In this paper, SCV will be designated as Ncf-(normal colony formation-deficient) mutants, a designation recently suggested by A. Slsarman and T. Horodniceanu (5 scribed by Wulff (7) as Hem-mutants, in which hemin biosynthesis is blocked at the first step, i.e., the synthesis of A-ALA. Curiously, the growth of our mutants on nutrient agar was not stimulated by hemin (4 to 25 ug/ml).
The absence of stimulation by hemin of the A-ALA-mutants might have resulted from the failure of E. coli K-12 to incorporate hemin. To test this hypothesis, hemin uptake was investigated in some substrains of E. coli K-12 (HfrK10, F-W677, F-PA6021, and F-Row) from which the Ncf-mutants had been obtained by selection, as compared with two strains of S. aureus (1339 and 369 a) whose Hem-mutants were stimulated by hemin (Table 1) . Washed bacterial cell suspensions were prepared from an 18-hr-old agar culture and adjusted to an optical density (OD) value of 1.5 at 650 m,u. Hemin was added at a final concentration of 20 ,ug/ml, and the samples were maintained at 37 C, with a parallel control at 0 C. After various intervals, hemin was determined in the supernatant fluid obtained after centrifugation in the cold, as well as in two further elution fluids. Hemin measurements were made in a Unicam S.P. 800 spectrophotometer (10 by 10 mm cells) at 380 m,u.
All E. coli K-12 substrains tested failed to take up hemin, in contrast with the irreversible absorption of hemin by the S. aureus strains (Fig. 1) . This is in agreement with the results obtained in hemin stimulation experiments performed with the Hem-mutants of E. coli K-12 and S. aureus (Table 1 ). It appears, therefore, that the lack of stimulation by hemin of A-ALA-mutants of E. coli K-12 is due to the inability of this strain to incorporate hemin. Presumably, growth of Hemmutants of E. coli K-12 will not be increased by hemin unless prior mutations permitting uptake of this compound have occurred. Hence, only mutants blocked in the synthesis of A-ALA will be detectable as Hem-mutants by typical supplementation of medium. Other Hem-mutants will be detectable spectrophotometrically by the lack of hemin-containing compounds, or enzymatically by the lack of characteristic hemin-enzyme activity such as catalase activity. 
NOTES
Since one group of Ncf-mutants were Hem-, we suspected that the other group previously described (5) might be Hem-mutants. We decided to test this hypothesis by examination of the mutants for catalase activity, presence of cytochromes, and effect of supplementation of the culture media with A-ALA (50 Ag/ml) or hemin (25 Ag/ml). Catalase 
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qualitatively by adding one or two drops of hydrogen peroxide on a surface culture, or quantitatively (2) by using suspensions similar to those described in the hemin uptake experiment. The presence of cytochromes was studied by determination of the difference spectra (reduced minus oxidized) in concentrated bacterial suspensions (OD value of 120 at 650 m,u for a and , spectra, and an OD value of 70 at 650 m,u for the oy spectrum), as described by Smith (6) . The results of these experiments are recorded in Table 1 and Fig. 2. (Since all of the spectrograms were of the same type, only one is shown.) They reveal that the six Ncf-mutants under investigation are devoid of catalase and cytochromes and, hence, are Hem-mutants. The gene symbols previously suggested (i.e., ncf-J, ncf-2, ncf-3, etc.) to denote the mutations in these strains are inappropriate, therefore, and we suggest changing them to hem-i, hem-2, hem-3, etc.
The location of the hem mutations in the A-ALA+ Hem-mutants has been reported (5) to be between lac and purE. Results of transduction tests carried out by phase Plkc after the method of Lennox (4) are shown in Table 1 . They confirm the reported results by showing that hem-i, hem-2, and hem-3 are cotransducible with lac. Since the hemA mutations found in the A-ALA-mutants can not be cotransduced with lac, but can be cotransduced with trp (A. SasAIrman, M. Surdeanu, and T. Horodniceanu, in preparation), it seems that the hem genes of E. coli K-12 are located in at least two regions of the chromosome: the purB-trp region (hemA locus) and the lac-purE region (one or more hem loci). 
